INTRODUCTION
Severe allergic conjunctival diseases (ACDs), such as atopic keratoconjunctivitis (AKC) and vernal keratoconjunctivitis (VKC), are occasionally complicated by keratopathy. 1 Severe keratopathy, such as a shield ulcer, is a serious pathological condition because it may result in reduced visual acuity. 2 Keratopathy associated with severe ACD is primarily caused by the histotoxic protein produced by eosinophils 3 and eosinophils massively infiltrate giant papillae tissue in patients with severe ACD. Therefore, alleviation of giant papillae with surgical resection is a widely used treatment in the cases that do not respond to medical treatment. Drug therapy for severe ACD often utilises topical and oral antiallergic agents or steroids. However, antiallergic agents often have insufficient efficacy and long-term patient management is usually required with this therapy. 4 The use of ocular steroids is associated with a serious increased risk of ocular hypertension, cataracts and/or glaucoma. 2 5 Additionally, the risk of steroid-induced ocular hypertension is particularly high in children less than 10 years old and a cataract-induced visual acuity reduction during infancy or early childhood markedly affects a patient's quality of life. 6 Tacrolimus is a 23-member cyclic macrolide lactone and was isolated from Streptomyces tsukubaensis in 1984. 7 It was initially developed as an immunosuppressant agent for use following organ transplantation, but is now clinically available worldwide. Tacrolimus ointment is also marketed for the treatment of atopic dermatitis.
Tacrolimus binds to FK506-binding proteins within T lymphocytes and inhibits calcineurin activity. Calcineurin inhibition suppresses dephosphorylation of the nuclear factor of activated T cells and its transfer into the nucleus, which results in suppressed formation of T helper 1 (Th1) (interleukin (IL)-2, interferon γ) and Th2 cytokines (IL-4, IL-5). 8 Tacrolimus has also been reported to inhibit histamine release from mast cells and is thought to alleviate allergic symptoms through these mechanisms. 9 Previously, tacrolimus was administered as an in-house formulation in a solute of castor oil, olive oil or dextrin. [10] [11] [12] The ointment form of tacrolimus was also useful in treating refractory inflammatory disease of the outer ocular area. Unfortunately, these formulations are known to cause irritation and epithelial keratitis, so information on their efficacy is sporadic and limited. 13 Herein, we evaluate the efficacy of tacrolimus eye drops in treating refractory allergic ocular disease in 1436 patients treated with topical tacrolimus. We show that topical tacrolimus is highly effective in treating AKC and VKC, and may reduce or replace steroid therapy for these conditions.
METHODS

Eligibility criteria and diagnosis
All patients included in this study were treated with tacrolimus eye drops and the study was designed as follows. Tacrolimus ophthalmic suspension, 0.1% (Senju Pharmaceutical Co., Osaka, Japan) was used in eyes with severe allergic conjunctivitis that responded poorly to conventional antiallergic agents such as antiallergic ophthalmic solutions, topical steroids and/or cyclosporine. 3 14 15 Patients satisfying the following requirements were included in analyses: presence of conjunctival giant papillae, limbal swelling, and/or Trantas dots 14 ; persistent or relapsing conjunctivitis sign 14 ; and younger than 40 years of age. 3 14 16 One drop of tacrolimus was administered twice a day to patients with refractory allergic ocular diseases with proliferative lesions and/or corneal involvement. The maximum observation period was 6 months. Each of 10 clinical signs (table 1) was scored on a four-point scale using the following definitions: 0=none, 1=mild, 2=moderate and 3=severe. 3 16 Grades were assigned based on photographic criteria (table 1, photographic  images not shown) . 3 In addition, each of six symptoms, including itching, discharge, lacrimation, photophobia, foreign body sensation and eye pain, was scored on a four-grade scale. Scoring was done at baseline (therapy initiation) and at 1, 2, 3 and 6 months into tacrolimus eye drop therapy. In cases when tacrolimus therapy was discontinued, observations made on the last day of administration were used as the last observation.
Demographic variables collected and examined included gender, age, allergic disease complications, previously used drugs, concomitant drugs and adverse reactions. The primary efficacy endpoint was the change in total signs and symptom scores from baseline.
Statistical analyses
Data are presented as mean±SD. Statistical analyses were performed using JMP statistical software (V.9 for Windows, SAS Institute Inc, Cary, North Carolina, USA). Statistical significance was defined as a two-sided p value of <0.05. Efficacy assessments were based on measurements obtained from the eye with a higher total ocular findings score (worse disease) 17 and the Wilcoxon signed rank test was used to compare total scores before and after treatment. Table 2 summarises the demographic variables of the 1436 patients included in analyses. The percentage of male patients was 77.6%. Mean patient age was 15.8±8.9 years at the time of enrolment and 8.3±4.2 years at the time of disease onset. Allergic rhinitis and asthma were also present in 23.5% and 17.6% of patients, respectively. Of all patients analysed, 54.6% had previously used antiallergic ophthalmic solutions such as antihistamine and mast cell stabiliser, 53.3% had previously used steroid ophthalmic solutions, and 35.3% had previously used cyclosporine eye drop 0.1%.
RESULTS
Patient profile
Change in signs and symptoms with topical tacrolimus eye drop use
The total score of the 10 clinical signs (range 0-30) and 6 clinical symptoms (range 0-18) significantly decreased from baseline 1 month after beginning tacrolimus eye drop treatment (p<0.001, Wilcoxon signed rank test, figure 1) . The mean total score of clinical signs was 15.3±5.0 at the start of treatment and decreased to 5.9±4.6 at the last observation (mean change from baseline=−9.4). The total clinical symptom score decreased from 8.1±4.5 at baseline to 1.8±2.8 at the last observation (mean change from baseline=−6.3).
Giant papillae and corneal involvement score before and after tacrolimus therapy
As shown in figure 2, 87.2% of patients had giant papillae at baseline, with 62.8% of patients having active-stage giant papillae (score ≥2). At the time of the last observation, only 15.8% of the patients had active-stage giant papillae, with alleviation of giant papillae (score ≤1) seen in 84.2% of patients ( p<0.001, Wilcoxon signed rank test). Superficial punctate keratopathy (SPK) was also seen in 67.8% of patients at baseline (figure 2). At the time of the last observation, the corneal epithelial disorder score was significantly lower than at baseline ( p<0.001, Wilcoxon signed rank test), with SPK prevalence lowered to 22.3%. In addition, the percentage of patients with a score ≥2 (large impact on visual acuity) decreased from 41.3% at baseline to 6.7% at the final evaluation.
Score changes in patients unresponsive to topical cyclosporine 0.1%
Before tacrolimus eye drop therapy, 239 patients had been treated with cyclosporine eye drop 0.1% for at least 1 month, but still had giant papillae scores greater than 2 or corneal epithelial disorder scores greater than 2 at the time of tacrolimus therapy initiation. In these patients, the total clinical signs and clinical symptoms scores at the time of switching were 16.8 ±4.7 and 9.1±4.4, respectively (figure 3). One month into tacrolimus eye drop therapy, both scores had significantly decreased ( p<0.001, Wilcoxon signed rank test) to clinical signs score of 6.7±4.9 (change=−10.1) and clinical symptoms score of 1.9±3.0 (change=−7.2) at the time of the last observation.
Proportion of patients on steroid therapy
Next, we assessed the possible steroid-sparing effect of tacrolimus eye drops. The percentage of patients (n=328 patients at baseline) using each type of steroid ophthalmic solution progressively decreased during the tacrolimus eye drop administration period. As shown in figure 4 , 53.4% of patients were successfully weaned off topical steroids 6 months into tacrolimus treatment. The percentage of patients using betamethasone ophthalmic solution was 44.8% at baseline, which decreased to 16.5% 6 months into tacrolimus treatment.
Adverse reactions
Adverse reactions were noted in 117 (8.15%) of 1436 patients analysed (table 3) . The only major adverse reaction was a transient burning sensation upon drop instillation (46 cases, 3.20%). Corneal infections, including bacterial keratitis (two cases, 0.14%), herpetic keratitis (two cases, 0.14%) and a bacterial corneal ulcer (one case, 0.07%) were also observed. In these five patients, atopic dermatitis or asthma was also noted as an underlying condition. In addition, intraocular pressure elevation occurred in three patients, presumably from adjunctive topical steroid use. Figure 1 Change from baseline in total symptom and sign scores during the 6-month study period (n=1436 patients). Error bars represent 1 SD. The statistical significance of each score change was evaluated using the Wilcoxon signed rank test. 
DISCUSSION
In the past, antiallergic drug and/or steroid therapy has been used to treat severe allergic conjunctivitis (VKC, AKC) with proliferative lesions. Unfortunately, antiallergic drug therapy is often insufficient without concomitant steroid use. However, topical steroids put patients at high risk of developing cataracts and/or glaucoma. For severe disease, VKC most frequently occurs in children and young adults, while AKC typically begins in the late teens or early twenties. Unfortunately, AKC can persist into the fourth or fifth decade of life. 18 Therefore, it is desirable to avoid long-term steroid use, particularly during childhood, to reduce the lifelong risk of developing steroid-related complications.
Tacrolimus has long been used in organ transplant patients and has been shown to have potent immunosuppressive activity. Moreover, tacrolimus has also been reported to inhibit calcineurin 100 times more effectively than cyclosporine. 7 To evaluate the risks and benefits of tacrolimus eye drop use in patients with severe allergic conjunctivitis, the present large-scale study was conducted in a routine clinical setting. Changes in 10 clinical signs and 6 clinical symptoms were evaluated before and after tacrolimus eye drop therapy in 1436 patients. Twice daily treatment with tacrolimus eye drops resulted in a significant reduction in the score 1 month after the start of treatment. It has previously been shown that cyclosporine ophthalmic solution has a similar efficacy in patients with VKC and AKC. 17 In accordance with the previous report, 17 the present study showed that tacrolimus eye drops were effective in treating severe allergic ocular diseases with giant papillae or corneal involvement. Many of our study patients had previously used cyclosporine with no improvement. In addition, twice daily tacrolimus eye drop treatment significantly reduced the ocular sign and symptom score 1 month into treatment, even in patients with severe allergic conjunctivitis who had a poor response to cyclosporine. 7 The onset of VKC usually occurs before puberty, is more common in young male patients, and tends to abate in the mid to late teens. 16 18 In VKC, proliferative changes, such as giant papillae formation, are notable and giant papillae may also occur in patients with AKC. 19 Because vision-threatening keratopathy develops in an adjacent location to the giant papillae, alleviation of giant papillae seems to be an effective strategy in treating patients with proliferative lesions. In the present study, twice daily treatment with tacrolimus eye drops resulted in a marked reduction in active-stage giant papillae (score ≥2) and a marked reduction in SPK. The percentage of patients having SPK decreased from 67.8% at baseline to 22.4% at the last observation. Additionally, the percentage of patients with a severe keratopathy score (≥2) decreased from 52.8% to 8.4%.
In the present study, concomitant use of steroids was allowed and was not an exclusion criterion. Steroids were used at the discretion of the attending physician. Our data showed that 53.4% of patients using steroids were successfully weaned from topical steroid therapy. Thus, tacrolimus eye drops appear to have a steroid-sparing or replacing effect. Because those in infancy or early childhood are at high risk for steroid-induced elevation of intraocular pressure, tacrolimus eye drops may be a very effective, alternative treatment for VKC or AKC that does not impose the risk of developing glaucoma.
Corneal infection was seen in five patients (herpetic keratitis (two cases), bacterial keratitis (two cases), bacterial corneal ulcer (one case)) for a total incidence of 0.35%. This suggests that close monitoring during topical tacrolimus therapy is necessary during prolonged use. However, a previous study examining cyclosporine 0.1% aqueous ophthalmic solution showed a similar incidence of corneal infection, in which 5 (0.84%) of 594 patients developed infectious corneal complications (bacterial corneal ulcer (two cases), herpetic keratitis (three cases)). 17 This suggests that tacrolimus eye drops are equivalent to cyclosporine for the indications studied here.
Tacrolimus treatment may cause adverse reactions, including renal failure, when used systemically. 20 In our study, no serious systemic adverse events were observed. This is likely because the percentage of tacrolimus reaching the bloodstream with twice- Figure 4 Proportions of patients using topical steroids at baseline and throughout the 6-month period during which the patients received topical tacrolimus eye drops. daily topical use is very low. 21 22 In conclusion, we evaluated the efficacy and safety of tacrolimus eye drops in patients with VKC or AKC in a clinical setting. Our results suggest that topical tacrolimus therapy is safe and effective in treating patients with severe allergic conjunctivitis.
